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Abstract.- The diet of the blue shark Prionace glauca off central and northern Chile in the eastern South Pacific, during
2005 and 2006 were dominated by teleost fishes (72.21 %IRI) and cephalopods (27.07 %IRI). The seasonal feeding of blue
shark showed as the most important prey diverse teleost fish species. Our findings would confirm that blue shark is a
predator with wide trophic spectrum in the eastern south Pacific, although a higher number of stomachs need to be
studied.
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INTRODUCTION
Sharks are believed to have played an important role in
aquatic food webs throughout their evolutionary history
(Cortes 1999). Although it is widely recognized that many
extant shark species are top or apex predators in marine
communities, little quantitative information is available on
their diets (e.g., Wetherbee & Cortes 2004). The blue shark
Prionace glauca (Linnaeus, 1758) is an epipelagic highly
migratory species that belongs to the family Carcharhinidae
(with 12 genus and 53 species) and preferably inhabits
waters between 7º-25ºC (Compagno et al. 2005). Blue shark
feeding studies have been done mainly in the north Pacific
and Atlantic waters, where the species has presented a wide
trophic spectrum (Cortes 1997, 1999), including
cephalopods and epipelagic fishes as their most important
preys (Cortes 1999). In the south eastern Pacific, the trophic
relationships of oceanic fishes (e.g., swordfish, mako shark,
etc.) have not been studied, even though, dietary studies
have been done for some species (Ibañez et al. 2004,
Castillo et al. 2007, Pardo-Gandarillas et al. 2007, Letelier
et al. 2009). In fact, the research regarding feeding habits
in Chilean and the south-eastern Pacific oceanic
ichthyofauna have been focused mainly on neritic fishes.
This zone is characterized by high production areas as a
result of interception of ocean currents or water masses,
which in turn created turbulences and noticeable
temperature and salinity gradients (Espíndola & Vega 2009).
The purpose of the present study was to analyse the diet
of P. glauca off the central and northern Chilean coasts
during 2005 and 2006.
MATERIAL AND METHODS
A total of 228 (n= 54 females, 118 males) specimens were
obtained between March 2005 and December 2006 from
industrial long-line swordfish fisheries off Chile as bycatch,
in a geographic range between 21º-35ºS; 78º-118ºW. The
total length (TL) and sex of each specimen was registered
on board prior to the removal of the stomach, which was
stored under freezing conditions after removal. The samples
were analysed at the National Museum of Natural History
(MNHNC), Santiago, Chile, following Letelier et al.
(2009).
The prey items in each stomach were identified to the
lowest possible taxonomic level, weighted and counted.
The prey items cephalopods, fishes, crustaceans, among
others, were identified according to Iverson & Pinkas
(1971), Mead (1972), Retamal (1981), Roper et al. (1984),
Wolff (1984), Clarke (1986), Nakamura (1986), Nesis
(1987), Roper et al. (1988), Voss et al. (1998), Jefferson et
al. (1993) y Márquez (1990) and compared with the
MNHNC references collections. Common indices were
used to describe the diet of the predator. Following Cortes
(1997) percent frequency of occurrence (%F), percent
number (%N) and percent per weight (%W) indices were
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calculated for broad and specific prey categories. The index
of relative importance (IRI) was calculated (Pinkas et al.
1971): IRI = (%N + %W) %F. Percent IRI was also
calculated for both broad and specific taxonomic categories
of prey group following Cortés (1997).
Seasonal changes in the diet of blue shark were studied
with the percentage similarity index (PSI), proposed by
Whittaker (1952) according to Hallacher & Roberts (1985):
PSI = 100 ∑si=1 min (ai, bi), where a and b are the
proportions of IRI of the ith category of prey in the diet of
P. glauca by seasonal differences, and s is the total number
of prey categories, in common, of the diet that is being
compared. The range of PSI goes from 0 (no prey in
common) to 100 (completely overlapping). The dietary
overlap between groups was calculated using the Spearman
rank correlation coefficient (rs) (Cortés 1997; González &
Oyarzún 2003; López 2008) as described by Fritz (1974).
It is based on the contribution of each prey in the diet
expressed as %IRI. The null hypotheses, for rs, indicated a
different diet for the compared groups. If rs were significant,
the null hypothesis was rejected, indicating that the diet
was similar (Zar 1999). In order to verify if the studied
stomach number was adequate, a trophic diversity curve
was generated following Ferry & Caillet (1996), Cortes
(1997) and Gelsleichter et al. (1999).
RESULTS
Of the 228 stomachs of blue shark studied, 172 (75.4 %)
contained prey items and 56 (24.6 %) were empty. The
lengths ranged from 75 to 491 cm TL. Fifty four stomachs
were from females and 118 from males. Eighty six stomachs
were collected in 2005 and 142 stomachs in 2006. The
diversity trophic curve showed a clear asymptote was not
completely reached (Fig. 1), indicating that the number of
stomachs was not sufficient for the characterized the diet
of blue shark, then a higher number of stomach with
contents should be analyzed. In the whole seasonal and
geographical range, a total of 19 prey items were identified
(Table 1). Bony fishes, cephalopods, cartilaginous fishes,
crustaceans, marine mammals and marine reptiles were the
major categories of prey identified in the diet of P. glauca,
with fishes and cephalopods being the most important
groups (Fig. 2, Table 1). Overall, the most important prey
item was the jumbo squid Dosidicus gigas (Orbigny) (27.4
%IRI), followed by the butterfish Cubiceps pauciradiatus
(Günther) (21.5 %IRI) and longnose lancetfish Alepisaurus
ferox Lowe (19.6 %IRI). Less important preys were squid
Todarodes filippovae Adam, swordfish Xiphias gladius L.,
skipjack tuna Katsuwonus pelamis L. and the bottlenose
dolphin Tursiops truncatus (Montagu) (6.9 %; 6.2 %;
2.8 %; 2.5 %IRI, respectively).
The presence of a marine turtle (Dermochelys coriacea
(Vandelli)), in one female shark, make the only difference
in prey diversity between sexes. Through the different
seasons of the year, P. glauca showed a diet dominated by
bony fishes (> 65 %IRI) followed by cephalopods (< 20
%IRI). The other prey represented less than 5% of the diet
(Fig. 3). In austral winter, the butterfish C. pauciradiatus
was the most important item (40.5%IRI), while D. gigas
(21.6 %IRI) and K. pelamis (12.4 %IRI) were secondary in
importance. In fall, A. ferox (34.2 %IRI) was the most
important prey, D. gigas (27.7 %IRI) and X. gladius (16.1
Figure 1. Trophic diversity curve for Prionace glauca in the eastern
South Pacific off Chile, between March 2005 and December 2006
(bars= standard error) / Curva de diversidad trófica para Prionace
glauca en el Pacífico suroriental frente a Chile entre marzo de 2005
y diciembre de 2006 (barras= error estándar)
Figure 2. Three dimensional graph of diet composition of P. glauca
in the eastern South Pacific off Chile, between March 2005 and
December / Gráfico tridimensional de la composición de la dieta
de P. glauca en el Pacífico suroriental frente a Chile, entre marzo
de 2005 y diciembre de 2005
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Table 1. Diet composition of the blue shark, Prionace glauca, in
eastern South Pacific off Chile during 2005 and 2006, expressed
as percents by number (%N), frequency of occurrence (%F) and
weight (%W), and the percent index of relative importance (%IRI)
(sample size =172 stomach with contents) / Composición de la
dieta del azulejo, Prionace glauca, en el Pacífico suroriental frente
a Chile durante 2005 y 2006, expresado como porcentajes en número
(%N), en frecuencia de ocurrencia (%F) y en peso (%W), y el porcentaje
del índice de importancia relativa (%IRI) (tamaño de la muestra=172
estómagos con contenidos)
%IRI) were the secondary prey items. In spring, the
cephalopod D. gigas (39.8 %IRI) and the fish C.
pauciradiatus (37.8 %IRI) dominated as prey, leaving A.
ferox (10.9 %IRI) as a tertiary food item. According to rs
the feeding of blue shark varied throughout the three seasons
in this study (Table 2). Nonetheless the relative importance
of food was more similar in winter and spring (PSI=70%)
than in the other seasons.
DISCUSSION
The stomach contents analyses clearly reflect the
importance of teleost fishes as an important food item in
the diet of blue sharks. Within these fishes, the more
important species were C. pauciradiatus and A. ferox. It is
important to note the blue shark predates on other sharks
species such as juveniles of Lamna nasus (Bonnaterre) and
also showed cannibalism, but in a lesser degree; however,
the presence of juvenile sharks in the stomach contents of
P. glauca could be due to discard of L. nasus and P. glauca
gravid females which are sending back to the sea, allowing
the juveniles became available as a prey. The cephalopods
were an important food item for blue shark, mainly jumbo
squid D. gigas, which was the most significant single item
in the diet of this shark. Marine mammals, as well as turtles
and crustaceans, were rare or accidental food. The diet of
the blue shark represented in this study did not differ from
previous studies in other areas, such as Cortes (1999) and
Tricas (1977, 1979), the exception is the presence of marine
reptiles as a rare food item.
Table 2. Comparison of the seasonal P. glauca diet composition
off Chile during 2005 and 2006 using values of diet overlap
obtained whit the Spearman rank correlation coefficient (rs)
(above diagonal) and level significance (P) (below the diagonal),
calculated from de index of relative importance expressed as a
percent (%IRI). Samples sizes are given in parenthesis /
Comparación de la composición dietaria estacional de P. glauca frente
a Chile durante 2005 y 2006, utilizando los valores de sobreposición
de la dieta obtenida a partir del coeficiente de correlación del rango
de Spearman (rs) (sobre la diagonal) y el nivel de significancia (P)
(debajo de la diagonal) calculado del índice de importancia relativa
expresado como porcentaje (%IIR). Los tamaños de las muestras
están entre paréntesis
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Figure 3. Seasonal variation of food items in the diet of P. glauca
off Chile, in 2005 and 2006. (OST: teleost fishes, CHON:
cartilaginous fishes, CEF: cephalopods, CRU: crustaceans, MAM:
marine mammals and REP: marine reptiles. WIN: winter, FAL:
fall and SPR: spring) / Variación estacional de las presas en la
dieta de P. glauca frente a Chile en 2005 y 2006. (OST: peces
teleósteos, CHON: peces cartilaginosos, CEF: cefalópodos, CRU:
crustáceos, MAM: mamíferos marinos y REP: reptiles marinos. WIN:
invierno, FAL: otoño y SPR: primavera)
Although the trophic diversity curve did not reach the
asymptote this study represents the first effort to report the
feeding of the blue shark off the south eastern Pacific. In
the future, more than 172 stomachs should be tested to
analyze the diet of blue shark in this area of the South Pacific
Ocean.
Following the Cortes (1997) and Wetherbee & Cortes
(2004) method, the blue shark has a heterogeneous diet as
showed in the great variety of taxa found as food, then P.
glauca could be considered having a wide trophic spectrum
strategy in this area of the Pacific Ocean. Nevertheless, the
feeding strategy of these migratory pelagic fishes might
depends on the environmental availability of their prey as
they have great movements and habitat shifts, so they might
have a wide food spectrum (Wootton 1990, Cortes 1997,
1999, Stevens 2008). A predator could be specialized in
major food categories without distinguishing between
species, particularly if their consuming rate is being
influenced (Cortes 1997). The diet of any generalist predator
or fish in this case reflects the food that is available in the
environment (Ricklefs 1979; Wootton 1990), this means
that feeding of this fishes could be used to infer the relative
abundance of the preys found in their stomachs (Smale
1996).
The blue shark diet showed temporal variation. These
variations are closely linked to the predator-prey dynamics
(Ricklefs 1979, Wootton 1990, Abrams 2000), especially
when dealing with highly migratory fishes.
ACKNOWLEDGMENTS
We thanks José Yañez, mastozoologist from the Museo
Nacional de Historia Natural, Chile, for the identification
of the bottlenose dolphin Tursiops truncatus founded as
prey.
LITERATURE CITED
Abrams P. 2000. The evolution of predator-prey. Interactions:
Theory and evidence. Annual Review of Ecology and
Systematics 33: 79-105.
Castillo K, CM Ibañez, C González & J Chong.  2007.  Dieta
del pez espada Xiphias gladius Linnaeus, 1758 en distintas
zonas de pesca frente a Chile central durante el otoño de
2004. Revista de Biología Marina y Oceanografía 42(2):149-
156.
Clarke MR. 1986. A handbook for the identification of
cephalopod beaks, 273 pp.  Clarendon Press, Oxford.
Compagno L, M Dando & S Fowler. 2005. A field guide to the
sharks of the world, 368 pp. Harper Collins, London.
Cortés E. 1997. A critical review of methods of studying fish
feeding based on analysis of stomach contents: application
to elasmobranch fishes. Canadian Journal of Fisheries and
Aquatic Sciences 54: 726-738.
Cortés E. 1999. Standardized diet compositions and trophic
levels of sharks. ICES Journal of Marine Science 56: 707-
717.
Espíndola F, R Vega & E Yañez. 2009. Identificación del patrón
en la distribución espacio-temporal del pez espada (Xiphias
gladius) en el Océano Pacifico Sur Oriental. Latin American
Journal of Aquatic Research 39(1): 43-57.
Ferry L & G Caillet. 1996. Sample size and data analysis: are
we characterizing and comparing diet properly? In:
MacKinlay D & K Shearer (eds). Feeding, ecology and
nutrition in fish, pp. 71-80. Symposium Proceedings,
American Fisheries Society, San Francisco.
Fritz E. 1974. Total diet comparison in fishes by Spearman Rank
correlation coefficients. Copeia 1974(1): 210-214.
Gelsleichter J, J Musick & S Nichols. 1999. Food habits of
the smooth dogfish, Mustelus canis, dusky shark,
Carcharhinus obscurus, Atlantic sharpnose shark,
Rhizoprionodon terranovae, and the sand tiger, Carcharias
taurus, from the northwest Atlantic Ocean. Environmental
Biology of Fishes 54: 205-217.
González P & C Oyarzún. 2003. Diet of the Chilean sanperch,
Pinguipes chilensis (Perciformes, Pinguipedidae) in southern
Chile. Journal of Applied Ichthyology 19: 371-375.
749Vol. 45, S1, 2010
Revista de Biología Marina y Oceanografía
Hallacher EL & DA Roberts. 1985. Differential utilization of
space and food by inshore rockfishes (Scorpaenidae: Sebastes)
of Carmel Bay, California. Environmental Biology of Fishes
12:  91-110.
Harvey JT. 1989. Food habits, seasonal abundance, size, and
sex of the blue shark, Prionace glauca, in Monterey Bay,
California. California Fish and Game 75: 33-44.
Ibañez CM, C González & L Cubillos.  2004.  Dieta del pez
espada Xiphias gladius Linnaeus, 1758, en aguas oceánicas
de Chile central en invierno de 2003. Investigaciones Marinas
32(2):113-120.
Iverson IL & L Pinkas. 1971. A pictorial guide to beaks of
certain Eastern Pacific Cephalopods. Food Habits. Fishery
Bulletin 152: 83-105.
Jefferson TA, S Leatherwood & MA Webber. 1993.  Marine
mammals of the world. FAO Species Identification Guide,
320 pp. FAO, Roma.
Krebs Ch. 1985. Ecología: Estudio de la distribución y la
abundancia, 753 pp. Harla, México.
Kubodera T, H Watanabe & T Ichii. 2007. Feeding habits of
the blue shark, Prionace glauca, and salmon shark, Lamna
ditropis, in the transition region of the Western North Pacific.
Reviews in Fish Biology and Fisheries 17: 111-124.
Lebrasseur RJ. 1964. Stomach contents of blue sharks (Prionace
glauca L.) taken in the Gulf of Alaska. Journal of the Fisheries
Research Board of Canada 21: 861-862.
Letelier S, R Meléndez, E Carreño, S Lopez & P Barría.
2009. Alimentación y relaciones tróficas del pez espada
(Xiphias gladius Linnaeus, 1758), frente a Chile centro-norte
durante 2005. Latin American Journal of Aquatic Research
37(1): 107-119.
Lopez S. 2008. Alimentación y relaciones tróficas de peces
altamente migratorios en el Pacifico sur oriental, Tesis de
Magíster en Biología Marina, Universidad Andrés Bello,
Santiago de Chile, 89 pp.
Márquez  R.  1990.  Sea turtles of the world. An annotated and
illustrated catalogue of sea turtle species known to date. FAO
Species Catalogue. FAO Fisheries Synopsis 125(11): 1-81.
McCord ME & SE Campana. 2003. A quantitative assessment
of the diet of the Blue Shark (Prionace glauca) off Nova
Scotia, Canada. Journal of Northwest Atlantic Fisheries
Science 32: 57-63.
Mead GW. 1972.  Bramidae. Dana Report 81: 1-166.
Nakamura I. 1986. Important fishes trawled off Patagonia, 369
pp. Japan Marine Fishery Resource Research Center, Tokyo.
Nesis KN. 1987. Cephalopods of the world, 351 pp. TFH
Publications, Neptune City.
Pardo-Gandarillas MC, F Duarte, J Chong & CM Ibañez.
2007.  Dieta de tiburones juveniles Prionace glauca (Linnaeus,
1758) (Carcharhiniformes:Carcharhinidae) en la zona litoral
centro-sur de Chile. Revista de Biología Marina y Oceanografía
42(3): 365-369.
Pinkas LM, S Oliphant & ILK Iverson. 1971. Food habits of
albacore, bluefin tuna, and bonito in Californian waters.
California Fish and Game 152: 1-105.
Retamal M.  1981.  Catálogo ilustrado de los crustáceos
decápodos de Chile. Gayana Zoología 44: 1-110.
Ricklefs R. 1979. Ecology, 966 pp, Chiron Press, New York.
Roper CF, MJ Sweeney & CE Nauen. 1984. Cephalopods of
the world. An annotated and illustrated catalogue of species
of interest to fisheries.  FAO Fisheries Synopsis 125(3): 1-
277.
Roper CF, MJ Sweeney & MR Clarke. 1988. Cefalópodos.
In: Fischer W & JC Hureau (eds). Océano Austral. Área de la
convención CCAMLR, áreas de pesca 48, 58 y 88. Fichas
FAO de Identificación de Especies para los Fines de Pesca 1:
117-205.
Sciarrotta TC & DR Nelson. 1997. Diel behavior of the blue
shark, Prionace glauca, near Santa Catalina Island,
California. Fishery Bulletin 75: 519-528.
Smale MJ. 1996. Cephalopods as preys. IV. Fishes.
Philosophical Transactions of the Royal Society 351: 1067-
1081.
Stevens JD. 1973. Stomach contents of the blue sharks (Prionace
glauca L.) off south-west England. Journal of the Marine
Biological Association of the United Kingdom 53: 357-361.
Stevens JD.  2008.  The biology and ecology of the shortfin
mako shark, Isurus oxyrinchus. In: Camhi D, E Pikitch & E
Babcok (eds). Shark of the open ocean: Biology, fisheries &
conservation, 536 pp. Blackwell Publishing, Oxford.
Tricas T. 1977. Food habits, movements, and seasonal
abundance of the blue shark, Prionace glauca
(Carcharhinidae), in the southern California waters. M.S.
Thesis, California State University, Long Beach, 79 pp.
Tricas T. 1979. Relationships of the blue shark, Prionace glauca,
and its prey species near Santa Catalina Island, California.
Fishery Bulletin 77: 175-182.
Voss NA, KN Nesis & PG Rodhouse. 1998. The cephalopod
family Histioteuthidae (Oegopsida): Systematics, biology, and
biogeography. In: Voss NA, M Vecchione, RB Toll & MJ
Sweeney (eds). Systematics and biogeography of
Cephalopods. Smithsonian Contributions to Zoology 586:
1-599.
Wetherbee M & E Cortes. 2004.  Food consumption and
feeding habits. In: Carrier J, J Musick, M Heithus & C Carrier
(eds). Biology of sharks and their relatives, pp. 225-246. CRC
Press, Boca Raton.
Whittaker RH. 1952. A study of summer foliage insect
communities in the Great Smokey Mountains. Ecological
Monographs 22: 1-44.
Wolff GA. 1984. Identification and estimation of size from the
Beaks of 18 species of Cephalopods from the Pacific Ocean.
NOAA Technical Report NMFS 17: 1-50.
Wootton RJ. 1990. Ecology of teleost fishes, 404 pp. Chapman
and Hall, London.
Zar J. 1999. Biostatistical analysis, 663 pp. Prentice Hall,
Englewood Cliffs.
Recibido el 20 de julio de 2009 y aceptado el 29 de mayo de 2010
